Diabetes mellitus is associated with a two to threefold increase in cardiovascular mortality [1] . The mechanism whereby diabetes increases cardiovascular risk is probably multifactorial. Recent studies suggest that this may in part be attributed to an increase in thrombotic tendency [2] including an increase in circulating level of factor VII, a key enzyme in the initiation of coagulation. A positive correlation between increased factor VII activity and cardiovascular mortality has been shown in the Northwick Park Heart Study [3] . A similar trend Diabetologia (1998) In both diabetic and control subjects the allele frequencies of the R (M1) and Q (M2) alleles were 0.96 and 0.04; the corresponding reported frequencies in Caucasians being 0.90 and 0.10: VIIc were 21 % lower in Chinese control subjects and Type I diabetic patients with R/Q, compared with R/R subjects (p < 0.001 and p < 0.05). The corresponding difference was 4 % for Type II diabetc patients (p = NS). Type II diabetic patients had higher mean VIIc levels than control subjects and Type I diabetic patients (p < 0.01); they were also older, and had higher serum creatinine and triglyceride (all p < 0.01). They also had higher VIIc levels than an age-matched older control group (p < 0.01; n = 182) in whom the genotype effect was clearly seen. On stepwise linear regression analysis, the significant independent determinants of VIIc were serum triglyceride (contributing 20 % and 25 % to variance in control subjects and diabetic patients), the R/Q353 genotype (contributing to 12 % of the variance in control subjects but only 1 % in diabetic patients), age and total cholesterol in all subjects, and in the diabetic patients female sex, urinary albumin excretion rate and serum creatinine. VIIc was higher in diabetic patients with macroangiopathy and retinopathy (both p < 0.0001). We conclude that compared with Caucasians, the Q allele frequency is significantly lower in these Chinese subjects. Plasma VIIc is determined by both genetic and environmental influences such that in Chinese Type II diabetic patients, the effect of environmental factors predominates, almost negating the influence of the R/Q353 genotype. High VIIc may contribute to the increased cardiovascular risk in Type II diabetic patients. [Diabetologia (1998) 41: 760±766] 
Summary We studied the effects of genetic and environmental influences on factor VII coagulant activity (VIIc) in Chinese diabetic patients (263 with Type II [non-insulin-dependent] diabetes mellitus, 78 with Type I [insulin-dependent] diabetes mellitus) and 143 normal control subjects. VIIc was measured by a one-stage biological assay. The R/Q353 or Msp1 polymorphism at codon 353 of the factor VII gene was detected after Msp1 digestion of polymerase chain reaction-amplified genomic DNA. In both diabetic and control subjects the allele frequencies of the R (M1) and Q (M2) alleles were 0.96 and 0.04; the corresponding reported frequencies in Caucasians being 0.90 and 0.10: VIIc were 21 % lower in Chinese control subjects and Type I diabetic patients with R/Q, compared with R/R subjects (p < 0.001 and p < 0.05). The corresponding difference was 4 % for Type II diabetc patients (p = NS). Type II diabetic patients had higher mean VIIc levels than control subjects and Type I diabetic patients (p < 0.01); they were also older, and had higher serum creatinine and triglyceride (all p < 0.01). They also had higher VIIc levels than an age-matched older control group (p < 0.01; n = 182) in whom the genotype effect was clearly seen. On stepwise linear regression analysis, the significant independent determinants of VIIc were serum triglyceride (contributing 20 % and 25 % to variance in control subjects and diabetic patients), the R/Q353 genotype (contributing to 12 % of the variance in control subjects but only 1 % in diabetic patients), age and total cholesterol in all subjects, and in the diabetic patients female sex, urinary albumin excretion rate and serum creatinine. VIIc was higher in diabetic patients with macroangiopathy and retinopathy (both p < 0.0001). We conclude that compared with Caucasians, the Q allele frequency is significantly lower in these Chinese subjects. Plasma VIIc is determined by both genetic and environmental influences such that in Chinese Type II diabetic patients, the effect of environmental factors predominates, almost negating the influence of the R/Q353 genotype. High VIIc may contribute to the increased cardiovascular risk in Type II diabetic patients. [Diabetologia (1998) has also been demonstrated in the PROCAM study [4] .
Several genetic variations of the factor VII gene affecting the promotor region [5] , intron 7 [6] and exon 8 [7] , respectively, have been reported to contribute, to different extents [8] , to variance in VIIc levels in the general population. Of these, the best studied is the R/Q353 or Msp1 polymorphism in exon 8: a guanine (G) to adenine (A) substitution in codon 353 leads to the loss of a cut site by the restriction enzyme Msp1 and the replacement of arginine (R353 or M1 allele) by glutamine (Q353 or M2 allele) in the protein product. Carriers of the Q allele have been found consistently to possess levels of VIIc 15±30 % [7, 8, 9] lower than those homozygous for the R allele in various ethnic populations. The Q allele frequency, on the other hand, differs considerably among the ethnic groups studied: from as low as 3.4 % in Japanese [9] to as high as 29 % in Dravidian Indians [10] and Alberta Hutterites [11] .
In addition to genetic influence, circulating levels of VIIc are also closely related to several environmental factors. Women have higher VIIc levels than men [12, 13] . A positive correlation has been demonstrated between factor VII activity and serum levels of total triglyceride and/or cholesterol [7, 9, 10, 12, 14] , age and body mass index [12] . In some studies the correlation between plasma triglyceride and VIIc was found to be genotype specific [9, 10, 15±17] suggesting an interaction between genetic and environmental influence. A positive correlation between fasting plasma glucose and factor VII level has also been reported [18] , and VIIc levels are increased in patients with Type II diabetes mellitus especially in the presence of microalbuminuria or albuminuria [19] . In a study of 95 Caucasian Type II diabetic patients, the R/Q353 genotype was found to contribute to 12 % of the variance in VIIc levels. Although direct comparison with a control group was not included in this study, the genetic contribution was apparently lower than that generally quoted for Caucasians [7] , and may reflect the effects of environmental factors such as hyperlipidaemia and other metabolic disturbances in these patients.
The allele frequency of the Q allele and its effect on plasma VIIc have not been previously reported in Chinese subjects. In this study, the effects of the R/ Q353 genotype and various environmental factors on circulating VIIc were investigated in 666 Chinese subjects to determine the relative importance of genetic and environmental influences on VIIc levels in the southern Chinese and whether this is altered by the presence of diabetes mellitus.
Subjects and methods
Subjects. Table 1 shows the characteristics of non-diabetic and diabetic subjects. All were southern Chinese. Control subjects were unrelated healthy volunteer hospital staff (51 men, 92 women). Their mean age was within the peak age of the Hong Kong adult population (35±39 years), according to the Government Census in 1996. To provide an age-matched older control group for the Type II diabetic patients, data from 182 nondiabetic subjects, (40±74 years), who were among the first 500 subjects to be recruited randomly into the age-stratified, population-based Hong Kong Cardiovascular Risk Factor Prevalence Study (1995±1996; principal investigator: E. D.Janus) were also included for analysis. Data on serum creatinine, liver function, HbA 1 c , apolipoprotein A1 and B were not available in this older control group. The diabetic subjects were recruited from the Diabetes Clinic of the University Department of Medicine, Queen Mary Hospital, and consisted of 263 Type II diabetic patients (129 men and 134 women) and 78 patients with insulin-dependent diabetes (Type I; 31 men and 47 women). All Type II diabetic patients could be controlled on diet with or without oral drugs for at least one year prior to requirement of insulin therapy. The Type I diabetic patients had severe symptoms of diabetes in association with ketosis or ketoacidosis and had required insulin therapy since diagnosis; c-peptide concentrations, available in over half of them, confirmed significant insulin deficiency. All gave informed consent and the protocol was approved by the ethics committee of the Medical Faculty, University of Hong Kong. All were studied after overnight fasting. Except for the older control subjects, all had registered as normal in a liver function test. Clinical data were obtained from the clinic records and confirmed by a direct interview, physical examination and an electrocardiogram performed on the study day. Smokers referred to current smokers and those who had been smoking up to 3 months prior to the study. Ischaemic heart disease was diagnosed by a history of myocardial infarction, angina or evidence of myocardial infarction (pathological Q-wave) or significant horizontal ST segment depression ( ³ 2 mm) in a 12-lead resting electrocardiogram. Macrovascular disease included ischaemic heart disease, stroke, transient ischaemic attack or peripheral vascular disease, as evidenced by intermittent claudication, rest pain, limb amputation or arterial surgery. Blood pressure was measured with a standard sphygmomanometer after 10 min of rest in the sitting position. Retinopathy was determined by ophthalmoscopy (with pupils dilated to > 3 mm diameter). Peripheral neuropathy was assessed by means of the vibration perception threshold determined using a biothesiometer. Microalbuminuria or albuminuria was assessed from the mean albumin excretion rate (MAER), based on two consecutive 12-h overnight urine collections.
DNA analysis. DNA was extracted from white blood cells in 5±10 ml EDTA blood using standard ªSDS/proteinase Kº lysis and phenol/chloroform purification methods. A 317 bp portion of the factor VII gene was amplified by polymerase chain reaction (PCR) as described [7] using 100 ng of genomic DNA, 1 U of thermostable Taq polymerase (Perkin-Elmer Cetus, Branchburg, N. J., USA) and PCR buffer containing 1.5 mmol/l MgCl 2 . The sequences of the primers (5 ¢±3 ¢) were GGG AGA CTC CCC AAA TAT CAC and ACG CAG CCT TGG CTT TCT CTC. PCR reactions were performed on a Perkin-Elmer DNA cycler (model 480 Branchburg, USA) for 30 cycles, each with a denaturation step of 1 min at 95°C, annealing for 1 min at 60°C and extension for 1 min at 72 o C. The PCR product was digested with 10 U Msp1 (New England Biolabs, Beverley, Mass., USA) at 37°C overnight.
DNA fragments were separated on a 3 % agarose gel at 80V for 2 h and visualised by staining with 0.5 mg/ml ethidium bromide and photographed under ultraviolet light for genotyping.
Assays. VIIc was measured in trisodium citrate samples by a one-stage biological assay using ACL 1000 (Instrumentation Laboratory, Warrington, UK), and was assayed by the amount of prothrombin time corrected by the test plasma when mixed with Factor VII deficient plasma (Bio Merieux SA; Marayl'Etoile, France). The thromboplastin used was supplied by Behring (Marberg, Germany). VIIc was expressed as a percentage of the activity given by a reference plasma (Immuno AG, Vienna, Austria). Coefficients of variation were 3.1 % within run and 3.3 % between runs. Two dilutions were tested for each patient.
In all subjects, 10 ml EDTA blood was taken after fasting for 10±12 h for the measurement of HbA 1 c and lipoproteins. Plasma creatinine was measured in heparinised blood. HbA 1 c was measured by electrophoresis using Beckman Paragon Diatric HbA 1 c kits (Beckman Instruments, Brea, Calif., USA). Total cholesterol and triglyceride were determined enzymatically (Boehringer Mannheim, Mannheim, Germany) on a Hitachi 717 analyser. HDL cholesterol was measured after VLDL and LDL precipitation with polyethylene glycol 6000. LDL cholesterol was calculated by Friedeward equation. Apolipoprotein A1 (apo A1) and B (apo B), and creatinine were measured nephelometrically on the Beckman Array system (Beckman Instruments). Plasma creatinine was measured by the Jaffe reaction.
Statistical analysis. Statistical analysis was performed using the SPSS (version 4 Chicago, USA) statistics package. Student's ttest and chi-squares were used for comparison of continuous and categoric variables respectively. Analysis of variance followed by Duncan's multiple range test was used for comparison of multiple groups. Values for VIIc and triglyceride were not normally distributed and were log-transformed prior to analysis. As indicated, VIIc levels were adjusted for confounding variables such as age, triglyceride and cholesterol levels prior to between-group comparisons. Correlation between variables were tested using Pearson's correlation analysis. Only those parameters showing associations with VIIc with pvalues less than 0.1 on univariate analysis were further analysed using stepwise multiple linear regression to determine whether they contributed independently to changes in circulating VIIc levels. Data are expressed as means ± SD.
Results
The frequency distribution of the R/Q353 genotypes was similar in the four groups of subjects (Table 1) . About 90 % of the subjects were homozygous for the R allele and only two subjects were homozygous for the Q allele (one each in the two patient groups). The overall frequency of the Q allele was 4.1 %. Table 2 shows the mean VIIc values, with and without adjustment for the effects of age, triglyceride and total cholesterol. Among the control subjects those with the R/Q genotype had a mean VIIc activity which was 21 % lower than that of the R/R subjects (p < 0.001). This difference in VIIc between the 2 genotypes was statistically significant in the women (p < 0.001) and was of borderline significance for the men (p = 0.055). VIIc levels in the older control group were also lower in the R/Q subjects (p < 0.01) and again, the difference was significant only in the women (p < 0.01). Among the diabetic patients, the differences in VIIc between R/R and R/Q subjects were significant in the Type I diabetic patients (p < 0.05) but not in the Type II diabetic patients (p = 0.236). VIIc activity were similar between control subjects and type I diabetic patients (Table 1 ) but were considerably higher among the Type II diabetic patients (p < 0.01 compared with control subjects or type I diabetic patients even when age-adjusted). Type II diabetic patients were older and consisted of more smokers than control subjects and Type I diabetic patients (Table 1) . They also had higher triglyceride, apo B, HbA 1 c and plasma creatinine, and lower HDL cholesterol and apo A1, than the other two groups (Table 1) . Compared with control subjects, there were more men in the Type II diabetic group (p < 0.01). Type I diabetic patients had higher HbA 1 c and HDL cholesterol (p < 0.01), and lower LDL cholesterol levels (p < 0.05) than control subjects. Even when compared with the sex and age matched older control subjects, Type II diabetic patients had higher VIIc and serum triglyceride, and lower HDL-cholestrol levels (all p < 0.01; Table 1 ). The difference in VIIc between control subjects and older control subjects (p < 0.05) disappeared after adjusting for the effect of age.
Among the diabetic patients, VIIc levels were higher among those with macrovascular disease (137.2 ± 28.9 % vs no macrovascular disease: 125.3 ± 34.3 %; p < 0.0001), retinopathy (142.5 ± 34.3 % vs no retinopathy: 125.1 ± 32.0 %; p < 0.0001) and peripheral neuropathy (136.3 ± 28.3 % vs no neuropathy: 127.3 ± 33.9 %; p < 0.05). The prevalence of macrovascular disease, ischaemic heart disease, peripheral neuropathy and retinopathy were all significantly higher in Type II diabetic patients (p < 0.01 vs Type I diabetic patients; Table 1 ). They also had higher serum creatinine and MAER (p < 0.05 and p < 0.01 vs type I diabetic respectively; Table 1 ).
When the data from all subjects (n = 666) were analysed, women had higher VIIc (124.4 ± 28.9 %) than men (119.2 ± 28.1 %) (p < 0.02). Among the non-diabetic subjects (controls + older controls), a strong correlation between log VIIc and log triglyceride levels was found for subjects with the R/R genotype (r = 0.375, p < 0.001; n = 293) but not when the Q allele was present (r = 0.262; p = 0.19; n = 27). Among Type II diabetic patients, the correlation was highly significant in R/R subjects (r = 0.449, p < 0.001, n = 230) and was of borderline significance in those with the Q allele (r = 0.479, p = 0.052, n = 18).
In stepwise linear regression models, log triglyceride, R/Q353 genotype, age and total cholesterol were found to be significant independent predictors of VIIc among control subjects (Table 3) , contributing 20, 11, 5 and 2 % respectively to the variance in VIIc levels. These were also significant independent predictors of VIIc among the diabetic (Type II and Type I) patients (Table 3) . However, while log triglyceride was still the most significant predictor and contributed to 25 % of the variation in VIIc, the contribution of the R/Q353 genotype was reduced to 1 % only among the diabetic patients. Other factors of significant predictive values among the patients included age (4 %), sex (4 %), MAER (2 %), cholesterol (1 %) and serum creatinine (1 %). TG, log triglyceride; MAER, mean albumin excretion rate; TC, total cholesterol; R/Q, R/Q353 genotype; SCr, serum creatinine
Discussion
In this study, it was found that the R/Q353 or Msp1 genotype of the factor VII gene, an important genetic determinant of factor VII activity among Caucasians [7, 8] , was also an independent predictor of factor VII expression in this Chinese population. As in Caucasians [7] , carriers of the Q allele had factor VII levels which were about 20 % below the mean value of the general population. However, the frequency of the Q allele was only 4.1 %, considerably lower than that reported for Caucasians [7] (10 %), Afro-Caribbeans (8 %) [16] , Indians (25±29 %) [16, 10] and Alberta Hutterites (29 %) [11] . It is interesting to note that a low Q allele frequency (3.4 %) has also been reported for the Japanese [9] , an ethnic group which is more closely related to the Chinese geographically, and perhaps also genetically. The contribution of the R/Q353 genotype to factor VII activity in the Chinese control population was similar to that reported for Indians [10] , but considerably lower than that found in studies on Caucasians [7, 8] (20±31 %). The contribution became even less among diabetic patients and was almost negligible in the Type II diabetic patients, probably because of the overwhelming effects of environmental factors, especially hypertriglyceridaemia, impaired renal function and microalbuminuria or albuminuria, which were prevalent in these patients.
Our findings were at variance with those of Heywood et al. [12] who reported that the R/Q353 genotype contributed to 12 % of the variance in VIIc levels in 95 Caucasian Type II diabetic patients. This may be explained in part by ethnic differences as the Q allele frequency is much higher in Caucasians. Differences in sample characteristics may also contribute to the discrepancy in the two studies. Information on nephropathy status was not included in the study by Heywood et al. [12] . In this study, however, over half of the Type II diabetic patients had either microalbuminuria or albuminuria so that the genotype effect was more likely to be offset by the confounding effects of urinary albumin loss and impaired renal function.
As in Caucasians [13, 20] , women in this Chinese population had higher factor VII activity compared with men. The effect of the R/Q353 polymorphism, highly significant among the female control subjects, was also less marked in the men after adjusting for the confounding effects of age, triglyceride and total cholesterol concentrations. The association of factor VII activity with age has been reported previously in Caucasian diabetic patients [12] , although in the latter study, the association was not significant on multivariate analysis, probably because of the smaller sample size and age range.
Strong associations between factor VII activity and plasma lipid levels have been well established [7, 9, 10, 12, 14] . It has been suggested that lipoproteins rich in negatively charged phospholipids activate factor XII which in turn activates factor VII [21] . Previous studies have reported controversial results regarding the interaction between plasma triglyceride and the R/Q353 genotype in the determination of factor VII activity [9, 10, 15, 17] . Among the Japanese, it was reported that the correlation between triglyceride and factor VII activity could only be demonstrated in subjects homozygous for the R allele [9] . In studies on Caucasians [15, 17] , a stronger association between triglyceride and factor VII activity was also found in R/R subjects compared with Q carriers. A study on Dravidian Indians, however, reported that the correlation of factor VII activity with triglyceride could only be demonstrated in carriers of the Q allele [10] . The findings among the non-diabetic subjects in this study also suggested a stronger association between factor VII activity and triglyceride levels in Chinese subjects with the R/R genotype. The interaction between the R/Q353 genotype and plasma triglyceride in determining factor VII activity was less obvious in the Type II diabetic patients probably because of the overwhelming effects on factor VII activity of other environmental variables.
Studies conducted among Caucasians have reported repeatedly plasma cholesterol to be an important predictor of factor VII level [7, 12] , and in the latter study [12] , cholesterol level was actually found to be a stronger independent determinant of factor VII activity than plasma triglyceride, contributing to 30 % of the variance in factor VII activity among 95 Type II diabetic patients. On the other hand, it would appear from our data that triglyceride was the most important predictor of factor VII activity in the Chinese population, accounting for 20 % and 25 % respectively of the variance in factor VII activity in control subjects and diabetic patients. The association of plasma cholesterol with factor VII activity in our population appeared to be far less impressive, contributing to less than 3 % of the variation in factor VII levels between individuals, irrespective of the presence of diabetes. Whether this is related to any ethnic difference in the regulation of factor VII coagulant activity remains to be determined.
Studies documenting urinary albumin excretion rates report mostly that circulating factor VII activity is not increased in Type II or Type I patients with normoalbuminuria [22±24] and repeatedly find a positive correlation between factor VII and albumin excretion rate in Type II [19, 22] as well as Type I [22] diabetic patients. Reports are inconsistent as to increased factor VII levels in patients with microalbuminuria [19, 22±24] , although factor VII levels are generally found to be increased in the presence of albuminuria [17, 22, 24] . It has been suggested that albuminuria provides a general stimulus for hepatic synthesis, leading to increased production of various proteins including lipoproteins and procoagulant factors [25] . In this study, as reflected by the mean urinary albumin excretion rate, the majority of the Type I diabetic patients were either microalbuminuric or normoalbuminuric, while most of the Type II diabetic patients were either albuminuric or microalbuminuric. The raised factor VII levels in the type II diabetic patients in this study was therefore attributable, to a large extent, to the raised triglyceride and cholesterol levels which are often found in microalbuminuric and albuminuric Type II diabetic patients [26] , and their higher serum creatinine and urinary albumin excretion rate, all of which are independent predictors of factor VII levels.
The increased factor VII levels in diabetic patients with macrovascular disease in this study were in accordance with observations among non-diabetic Chinese subjects [27] . Together with the association between raised factor VII activity and increased cardiovascular mortality in prospective studies [3, 4] , these findings suggest that the raised levels of factor VII activities may have contributed, at least in part, to the increased prevalence of macrovascular disease in the Type II diabetic patients. On the other hand, the presence of coronary heart disease in Type II diabetic patients, even if minimal, can itself contribute to elevated levels of VIIc via the rupture of atheromatous plaques and release of tissue factor, leading to activation of the coagulation system [28] . The increase in patients with retinopathy and neuropathy was not unexpected and may not imply any causal relationship as macrovascular and various microvascular complications often coexist in the same patient with diabetes.
This study illustrates clearly that circulating levels of factor VII activity are determined by the balance between genetic and environmental influences. In Type II diabetic patients, especially in the presence of subclinical or clinical nephropathy, the effect of environmental factors predominates, leading to near negation of the genetic influence associated with the R/Q353 genotype.
